VIII. " The Electric Strength of Mixtures of Nitrogen and
Hydrogen." By Miss P. G. The experim ents described in this paper were undertaken a t Professor Thomson's suggestion, and have been carried out w ith th e advantage of his advice and help.
The immediate object of the experiments was to determ ine the electromotive force required to produce a spark between two flat parallel metal plates in a m ixture of hydrogen and nitrogen in differ ent proportions and at different pressures.
The hydrogen used was obtained by electrolysis of water, as it was found th at th a t obtained in the ordinary way from zinc and hydro chloric acid was liable to contain im purities which seriously affected its electric strength.
The two gases were collected over w ater in a graduated cylindrical gas-holder, and were allowed to stand for some hours to give them time to mix before being p u t into the apparatus. The m ixture was passed through sulphuric acid, and also through cotton wool to remove dust.
The electromotive force was supplied by a battery of storage cells, each of about 2 volts, and was measured simply by counting the number of cells. The strength of the cells was measured by a quadrant electrometer.
At very low pressures it was found that, unless special precautions were taken to prevent the discharge passing anywhere except between the opposed faces of the plates, it would take a longer path, and pass between the connecting wires on the backs of the plates. When the distance was 0047 in., the discharge began to pass between the backs of the plates when the pressure was reduced to about 2 mm.
In the later experiments this was prevented by using plates em bedded in ebonite discs, only leaving exposed the faces between which the spark was intended to pass, and by making the connexions with indiarnbber covered wires. Even then, after the plates had been used for some time, the indiarubber showed signs of giving way, and a discharge occasionally passed partly between the wires and partly between the plates.
The plates were kept at the right distance apart by placing between them small flat pieces of ebonite of the same thickness (0-047 in.). In the earlier experiments, the plates were in an ordinary bell-jar standing on a flat surface, the rim being greased with a mixture of bee's-wax and vaseline. Thinking it possible that there might be some vapour given off by the grease, I arranged the apparatus so that it could be made air-tight without grease. For this purpose I used a rather narrow bell-jar, closed at the bottom by an indiarubber stop per, through which passed three glass tubes for conveying the con necting wires, and for communicating with the air-pump and the gas holder. The jar, with its stopper, was placed in a vessel containing mercury, so that the junction of the glass and indiarubber was im mersed, the tubes being bent so that their ends came above the mercury. The arrangement is shown in the accompanying figure; a, a are the ebonite discs in which the plates are embedded ; the wires, The results (p. 265) were obtained when no grease* was present, and the spark was not able to pass except between the opposed sur faces of the plates.
Distance between the plates = 0047 in. These results are represented by the continuous curves figs. 1-7, in which the abscissae represent the pressure in millimetres of mercury, and the ordinates the E.M.F. in volts. The dotted curves in the same figures represent the means of the results of several series of observations with the earlier arrangement of the apparatus, in which grease was present, and no precautions were taken to prevent the discharge passing otherwise than between the plates.
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V o lts * There was always a small amount of grease on the stop-cock of the air-pump, b u t it does not seem probable th at such a small quantity would have an appreciable effect. som.m.
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These curves are not traced for pressures lower than about 2 mm. The two curves are nearly identical in the case of pure nitrogen; in the other cases, with one exception, that of N : H = 2:1, the discharge seems to pass more easily when grease is present. It will be noticed that at fairly high pressures the E.M.F. required to produce a spark diminishes nearly uniformly as the pressure diminishes, but that there exists for each mixture a critical pressure at which the E.M.F. is a minimum, and that as the pressure dimin ishes from the critical value the E.M.F. continually increases. When the pressure is slightly less than the critical pressure the E.M.F. increases with remarkable rapidity as the pressure diminishes. In fact, as the pressure falls by about ■ § • mm. the E.M.F. may increase by several hundred volts.
The critical pressure diminishes as the proportion of nitrogen to hydrogen is increased. With spark length 0047 in. it varies from about 11 mm. in pure hydrogen to about 5 mm. in pure nitrogen. At high pressures the E.M.F. required to produce a discharge at a given pressure diminishes continually as the proportion of hydrogen to nitrogen is increased. At low pressures the relation between the composition of the mixture and the E.M.F. required to produce a spark at a given pressure is less simple. I t is represented by the curves in fig. 8 , where the ordinates give the E.M.F. in volts, and the ratio in which the ordinate divides the line NH is equal to the ratio of the volumes of nitrogen and hydrogen in the mixture.
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The curves are given for pressures of 20, 15, 10, 5, and 4 mm. They could not be considered accurate for lower pressures, owing to the extreme steepness of the curves (1-7), in consequence of which the E.M.F., which will produce a spark at a given low pressure, cannot be determined with any precision.
It will be seen that at the pressures 15 and 20 mm. the general slope of the curves is downwards from the nitrogen end to the hydrogen end, but that at pressures 10, 5, 4 the slope is the other way, showing that at low pressures the effect of introducing more hydrogen is in general to increase the electric strength of the mixture.
But as the proportion of nitrogen to hydrogen increases from 0:1 to 1 : 0, the electric strength does not diminish uniformly, but it may pass through one or more maxima and minima.
It is, perhaps, hardly necessary to say that the curves in fig. 8 cannot be regarded as accurate for strengths of mixture intermediate between those at which the observations were actually made. The
